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ABSTRACT

Introduction: alloimmunization is a frequent complication in chronically transfused patients, resulting from
repeated exposure to erythrocyte antigens that differ from the recipient’s own. This immune response leads
to the development of irregular alloantibodies that compromise transfusion compatibility and increase the
risk of hemolytic reactions, particularly when multiple alloantibodies coexist.

Method: a systematic review was performed following the PRISMA guidelines, based on a search of regional and
international scientific databases. Studies published between 2020 and 2025 that addressed alloimmunization,
the presence of multiple irregular erythrocyte alloantibodies, and the immunohematologic techniques used
for their detection were included.

Results: the most frequently identified alloantibodies primarily belonged to the Rh and Kell blood group
systems, with recurrent simultaneous combinations among them. For their detection, the manual tube test,
column agglutination (CAT), and solid-phase red cell adherence (SPRCA) techniques were evaluated. SPRCA
demonstrated higher sensitivity for detecting weak or coexisting alloantibodies, whereas CAT provided
standardized interpretation and broad clinical applicability.

Conclusions: the detection of multiple irregular alloantibodies requires a strategic combination of
immunohematologic methodologies. Although SPRCA offers superior analytical sensitivity in complex samples,
CAT remains a reliable and widely accessible alternative in routine clinical laboratory practice, supporting
safer transfusion decision-making.

Keywords: Alloimmunization; Irregular Erythrocyte Antibodies; Blood Group Antigens; Coombs Test; Column
Agglutination; Solid-Phase Adherence.

RESUMEN

Introduccion: la aloinmunizacion constituye una complicacion frecuente en pacientes politransfundidos,
originada por la exposicion repetida a antigenos eritrocitarios diferentes a los propios. Este proceso
inmunologico desencadena la formacion de anticuerpos irregulares que dificultan la compatibilidad
transfusional y elevan el riesgo de reacciones hemoliticas cuando coexistieron multiples aloanticuerpos.
Método: se realizo una revision sistematica siguiendo el modelo PRISMA, basada en la bisqueda de literatura
en bases de datos regionales e internacionales. Se incluyeron estudios publicados entre 2020 y 2025 que
abordaron la aloinmunizacion, la presencia de anticuerpos eritrocitarios irregulares multiples y las técnicas
inmunohematolodgicas utilizadas para su deteccion.

Resultados: los anticuerpos descritos con mayor frecuencia correspondieron principalmente a los sistemas
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eritrocitarios Rh y Kell, observandose combinaciones simultaneas entre ellos. Para su deteccion se analizaron
la técnica en tubo, la aglutinacion en columna (CAT) y la adherencia de eritrocitos en fase solida (SPRCA).
Este Gltimo mostrd mayor sensibilidad para reconocer anticuerpos débiles o coexistentes, mientras que CAT
proporciono una lectura estandarizada con buena aplicabilidad clinica.

Conclusiones: la identificacion de anticuerpos irregulares multiples requirio la integracion estratégica
de diferentes técnicas inmunohematologicas. Aunque SPRCA ofreci6 mejor desempeiio en muestras
complejas, CAT se mantuvo como herramienta efectiva y accesible en la mayoria de laboratorios, favoreciendo
decisiones transfusionales seguras.

Palabras clave: Isoinmunizacion; Anticuerpos de Grupo Sanguineo; Antigenos de Grupo Sanguineo; Prueba de
Coombs; Pruebas de Aglutinacion; Técnicas de Fase Sdlida.

INTRODUCTION

Transfusion therapy is a fundamental component in the clinical management of patients with chronic
anemia, hematologic malignancies, renal failure, or those undergoing highly complex surgical procedures, as
it enables the safe and effective replacement of essential blood components. However, repeated exposure to
erythrocyte antigens that differ from those of the recipient may elicit a specific immune response, leading to
alloimmunization, characterized by the production of irregular alloantibodies directed against donor red cell
antigens.®3

Alloimmunization represents a significant clinical challenge in hemotherapy, as it may lead to post-transfusion
hemolytic reactions and complicate the identification of compatible blood units, thereby compromising
transfusion safety.“*¢ Consequently, immunohematologic surveillance and the implementation of extended
erythrocyte compatibility testing between donor and recipient are essential strategies to mitigate these risks.®7?

Most irregular alloantibodies are of the IgG class, warm-reactive, and high affinity, which makes them
clinically significant due to their hemolytic potential and their ability to cross the placenta.®® In contrast,
IgM alloantibodies are less frequent and generally naturally occurring and cold-reactive, with limited clinical
relevance since they do not react at 37°C. © The blood group systems most commonly implicated include Rh,
Kell, Duffy, Kidd, and MNS, with anti-E, anti-K, and anti-D being particularly frequent and transfusion-relevant.
The prevalence of these alloantibodies may exceed 30 % in chronically transfused patients. (%"
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Figure 1. Alloimmunization and Hemolysis Mechanism
The detection of multiple irregular alloantibodies presents its greatest challenge in the phenomenon of

antigenic masking, which may reduce serologic reactivity and complicate antibody identification.'® Over
time, immunohematologic methods have evolved toward more sensitive and standardized approaches, including
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column agglutination (CAT) and solid-phase red cell adherence (SPRCA), both of which improve analytical
reproducibility and facilitate the detection of weak-titer or low-affinity alloantibodies.

Therefore, this study evaluates the diagnostic performance of immunohematologic techniques used for
the detection and characterization of multiple alloantibodies, with the objective of strengthening transfusion
safety and ensuring high-quality compatibility practices.

METHOD

The literature review was conducted in accordance with the PRISMA guidelines (figure 2). Independent
searches were carried out in English-language databases (PubMed, Web of Science, ScienceDirect, and the Virtual
Health Library) and in the Spanish-language database SciELO. Studies published between 2020 and 2025 were
identified using controlled vocabulary (MeSH) and free-text keywords. The following Boolean search strategy
was applied:(Isoantibodies OR Alloimmunization) AND (Blood Group Antigens OR Erythrocytes) AND (Blood
Transfusion) AND (Clinical Laboratory Techniques OR Agglutination Tests OR Coombs Test OR Immunohematology
Tests).

[ Study identification and selection process ]
'R

Articles identified in English Articles  identified in  Spaninsh
c Databases using (Isoantibodies Databases using (Isoanticuerpos O
S OR Alloinmunization OR Aloinmunizacién) Y (Antigenos de
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€ Transfusion) AND  (Clinical (Transfusion de sangre) Y (Técnicas
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Figure 2. Diagram PRISMA
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To define the search strategy and selection process, predefined inclusion and exclusion criteria were
applied. Titles, abstracts, and full-text articles were independently screened, and studies that did not meet
the eligibility criteria were excluded (figure 2). The guiding PICO question used in the review is presented in
figure 3.

ICO:
P: Patients who have received multiple transfusions and developed irregular erythrocyte alloantibodies
I: Inmunohematologic techniques used for the detection and characterization of irregular alloantibodies.
C: Comparison between different immunohematologic techniques available over time.
0: Evaluation of the diagnostic performance and clinical utility of the techniques to ensure transfusion safety.
Question:
In chronically transfused patients with a history of alloimmunization, which immunohematologic techniques
enable the accurate detection and characterization of multiple simultaneous irregular alloantibodies, thereby
reducing the risk of post-transfusion hemolytic reactions?

Figure 3. PICO

RESULTS AND DISCUSSION

Atotal of thirteen studies met the inclusion criteria, all involving patient populations with a history of multiple
transfusions and confirmed alloimmunization. Across these studies, variability was observed in the frequency
and distribution of irregular alloantibodies, as well as in the diagnostic performance of the immunohematologic
techniques used for their detection and identification.

The most common irregular antibodies were mainly associated with the Rh system, particularly Anti-E and
Anti-C, and with the Kell system, predominantly Anti-K. Antibodies from the Kidd (Anti-Jka) and Duffy (Anti-
Fyb) systems were identified less frequently. Combined antibody patterns were also observed, maintaining the
predominance of the Rh and Kell systems.

The most prevalent alloantibodies belonged to the Rh and Kell systems, with Anti-E, Anti-K, and Anti-C
being the most prominent. These findings are consistent with those reported by Bueno et al., who observed
a higher prevalence of Anti-E and Anti-K in patients receiving multiple transfusions, underscoring the high
immunogenicity of these antigens.?® Similarly, Dini¢ et al. reported that the Rh and Kell systems account for
the majority of clinically significant alloimmunizations, reinforcing the need to consider extended red cell
compatibility for the C, c, E, e, and K antigens.®

The most recurrent antibody combinations identified, such as Anti-D + Anti-C and Anti-E + Anti-Jka, are
consistent with the patterns described by Dini¢ et al., who reported that the coexistence of Rh and Kidd
antibodies is associated with progressive alloimmunization, increasing the risk of post-transfusion hemolytic
reactions and complicating the selection of compatible units. This serological profile reflects the immune
system’s capacity to develop a progressive polyclonal response following repeated exposure to different
erythrocyte antigens.®

The comparison of the immunohematologic techniques revealed marked differences in sensitivity and
detection capacity. The tube test, although historically used, shows lower sensitivity and high variability
depending on operator expertise.® In contrast, column agglutination (CAT) improves standardization and
interpretation; however, it may fail to detect low-affinity alloantibodies.?? Blomme et al. demonstrated that
solid-phase red cell adherence (SPRCA) provides superior sensitivity, enabling the detection of weak or masked
alloantibodies that may not be identified by CAT or tube methods. This finding was also reported by Cupaiolo
et al., particularly in antibodies of the Kidd system, where SPRCA showed significantly greater diagnostic
performance. %3"

Antibody titers are a key parameter for estimating the clinical risk associated with alloimmunization.(®
Felimban et al. reported that high titers correlate with greater immunologic memory activation and an increased
risk of hemolysis during subsequent transfusions, underscoring the importance of continuous monitoring.®?
However, the availability of systematic titration and advanced immunohematologic techniques may be limited
in resource-constrained settings. In these scenarios, stepwise diagnostic algorithms become crucial, using CAT
as an initial screening method and SPRCA for confirmation and complex antibody identification.

Finally, the implementation of extended compatibility and the use of highly sensitive techniques are essential
to ensure transfusion safety, particularly in patients with chronic conditions or prolonged transfusion exposure.
@2 The development of phenotyped donor registries and the progressive automation of immunohematologic
procedures represent key strategies for improving traceability and ensuring safer and more personalized
transfusion practices.(”
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451 patients with sickle
cell disease.

255 patients with beta-
thalassemia.

201 patients with
hematologic cancer,
hemoglobinopathies, or
chronic kidney disease
with  previous irregular
alloantibody screening

30603 hospitalized
pediatric patients
(0-14 years).

6202 transfused patients
at the Regional Blood
Fractionation Center of El
Oro Province.

eIndirect Antiglobulin Test (IAT)
using column agglutination with a
3-cell screening panel.

eAntibody identification using
column agglutination with a 15-cell
commercial identification panel.
«Enzyme treatment techniques
(papain and/or trypsin) applied
when necessary.

eIndirect Antiglobulin Test (IAT)
using column agglutination with a
3-cell commercial screening panel
(ID-Diacell, Bio-Rad).

eAntibody identification using
column agglutination with an 11-
cell commercial panel (ID-Diapanel,
Bio-Rad).

eIndirect Antiglobulin Test (lAT)
using column agglutination with a
3-cell commercial screening panel
(ID-Diacell, Bio-Rad).

eAntibody identification using
column agglutination with an 11-cell
commercial identification panel (ID-
Diapanel, Bio-Rad).

eIndirect Antiglobulin Test (IAT) using
enhanced column agglutination
with LISS and a 3-cell commercial
screening panel (Ortho Clinical
Diagnostics, USA).

eAntibody identification using
column agglutination with a 16-cell
commercial identification panel

(Sanquin Reagents, Netherlands).

eIndirect Antiglobulin Test (IAT)
using column agglutination with a
3-cell commercial screening panel
(ID-Diacell, Bio-Rad).

eAntibody  identification using
column agglutination with an 11-cell
commercial identification panel (ID-
Diapanel, Bio-Rad).

Alloantibodies were detected in 134
patients. The most frequent were
anti-Lea,

followed by anti-M, anti-S, and anti-
Leb.

Less frequent antibodies included
anti-Fya, anti-C, and anti-E, with
occasional detection of anti-K.

Alloantibodies were detected in 17
patients, with Anti-K and Anti-E being
the most frequent.

Less frequent combinations observed
included: Anti-D + Anti-C, Anti-E +
Anti-K, and isolated cases of Anti-Jka
and Anti-Jkb.

Multiple alloantibodies were detected
in 37 patients.

The most frequent combination was
Anti-D + Anti-C.

Additional associations included
antibodies from the Rh and Kell

systems, as well as alloantibodies
from the Duffy, Kidd, and MNS
systems.

Cases of coexisting unidentified

antibodies were also reported.

Alloantibodies were detected in 169
patients, with Anti-M being the most
frequent, followed by Anti-E and
Anti-P1.

Additional low-frequency antibodies
were observed in the Rh, Lewis, and
Kidd systems.

Alloantibodies were detected in 56
patients, with Anti-E being the most
frequent, followed by Anti-D and Anti-

Jka.
The remaining alloantibodies were
of low frequency, often found in

combinations, and a notable percentage
showed undetermined specificities.

eHigh rate of alloimmunization in sickle cell disease
due to prolonged transfusion exposure.

» Progressive increase in alloantibody formation with
increasing number of transfusions.
eImplementation of transfusion strategies
leukoreduced RBC units recommended.
«Extended phenotyping for D, C/c, E/e, K, Duffy, Kidd,
and MNS antigens is advised.

using

eAlloimmunization was associated with the total
number of transfused units and short transfusion
intervals.

«Extended Rh and Kell compatibility is recommended
in patients with thalassemia requiring repeated
transfusions.

«Highlights the need for periodic serologic monitoring
to prevent hemolytic reactions.

*Most cases occurred in women with transfusion and
surgical history.

eHighlights the importance of detecting and
characterizing alloantibodies.
<Emphasizes prevention of hemolytic reactions

in patients with chronic disease and transfusion
dependence.

eLow alloimmunization and autoantibody rates in the
pediatric population.

ePredominance of naturally occurring MNS system
antibodies (Anti-M).

No alloantibody formation in neonates,
progressive development in early childhood.
«Recommendation for Rh-E  antigen-matched
transfusions in pediatric patients.

with

eHigher alloimmunization frequency in women with
transfusion history and older adults.

eNeed for implementation of extended red -cell
phenotyping.
eRequires  systematic pre-transfusion serologic

monitoring to prevent hemolytic reactions.
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CONCLUSIONS

The most frequent irregular alloantibodies identified were Anti-E and Anti-D from the Rh system and Anti-K
from the Kell system, both as isolated antibodies and in combinations such as Anti-D with Anti-C and Anti-E with
Anti-Jka. These patterns confirm the high immunogenicity of Rh and Kell antigens. The SPRCA technique showed
the highest diagnostic sensitivity, particularly in cases involving multiple or masked alloantibodies; however,
its cost and limited availability may restrict its routine implementation. In this context, CAT, especially when
complemented with enzymatic treatment, remains an accessible and effective option for routine screening.
Applying extended erythrocyte compatibility for Rh and Kell antigens in chronically transfused patients is
essential to reduce the risk of hemolytic reactions and strengthen transfusion safety.

REFERENCES

1. Angarita Merchan M, Urbano Caceres EX, Cantor-Becerra ML. Anticuerpos irregulares en donantes
de sangre. Rev Cub Hematol Inmunol Hemoter. 2021;37(4). Available from: http://scielo.sld.cu/scielo.
php?script=sci_arttext&pid=S0864-02892021000400008

2. Subramaniyan R. Serological characteristics of Lewis antibodies and their clinical significance: a

case series. Hematol Transfus Cell Ther. 2023;45(2):159-64. Available from: https://doi.org/10.1016/j.
htct.2021.07.007

https://doi.org/10.56294/saludcyt20262655 ISSN: 2796-9711


http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-02892021000400008
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-02892021000400008
https://doi.org/10.1016/j.htct.2021.07.007
https://doi.org/10.1016/j.htct.2021.07.007

9  Moreira Pilco LM, et al

3. Kahar MA. Determination of C, c, E and e antigens section prevalence in Rh D negative individuals: is
it good exercise with utilities in clinical blood transfusion practices? J Clin Diagn Res. 2022;16(11):EC16-9.
Available from: https://doi.org/10.7860/JCDR/2022/58527.17131

4. Orhan M, Adigiil M, Altindis M, Koroglu M. Major and minor subgroup profile of blood in patients receiving
multiple transfusions and donors. Asian J Transfus Sci. 2022;16(2):219. Available from: https://doi.org/10.4103/
ajts.ajts_17_21

5. Shah SD, Bhatnagar NM, Shah MC, Thakkar GH, Ahuja U, Patel A, et al. Rh and Kell phenotyping in
voluntary blood donors: a study from a tertiary care blood center of western India. Asian J Transfus Sci.
2024;18(1):67-72. Available from: https://doi.org/10.4103/ajts.ajts_214_23

6. Wang CP, Malicki D, Thornburg CD, Martinez S, Yu JC. A case report of red blood cell alloimmunization
and delayed hemolytic transfusion reaction in a patient with an uncommon phenotype in sickle cell disease:
review of diagnosis and management. Case Rep Hematol. 2024;1:9980747. Available from: https://doi.
org/10.1155/2024/9980747

7. Little JT, Blackall DP. Evaluation of solid-phase panreactivity with negative direct antiglobulin testing.
Immunohematology. 2023;39(4):151-4. Available from: https://doi.org/10.2478/immunohematology-2023-022

8. Johnson ST, Puca KE. Evaluating patients with autoimmune hemolytic anemia in the transfusion service and
immunohematology reference laboratory: pretransfusion testing challenges and best transfusion-management
strategies. Hematology. 2022;1:96-104. Available from: https://doi.org/10.1182/hematology.2022000406

9. Oud JA, Evers D, M de H, K de VKM, D van de K, Som N, et al. The effect of extended c, E and K matching
in females under 45 years of age on the incidence of transfusion-induced red blood cell alloimmunisation. Br J
Haematol. 2021;195(4):604-11. Available from: https://doi.org/10.1111/bjh.17697

10. Ohto H, Denomme GA, Ito S, Ishida A, Nollet KE, Yasuda H. Three non-classical mechanisms for anemic
disease of the fetus and newborn based on maternal anti-Kell, anti-Ge3, anti-M, and anti-Jra cases. Transfus
Apher Sci. 2020;59(5):102949. Available from: https://doi.org/10.1016/j.transci.2020.102949

11. Kokoris SI, Kalantzis D, Moschandreou D, Papaioannou K, Grouzi E. Panagglutination on the indirect
antiglobulin test: this is the challenge! Asian J Transfus Sci. 2022;16(2):257-62. Available from: https://doi.
org/10.4103/ajts.ajts_133_20

12. Soumee B, Devi AMS, Sitalakshmi S. Prevalence of ABO, Rh (D, C, c, E, and e), and Kell (K) antigens in
blood donors: a single-center study from South India. Asian J Transfus Sci. 2024;18(2):219-24. Available from:
https://doi.org/10.4103/ajts.ajts_159_21

13. Jenbere G, Urgessa F, Tibebu M. Assessment of minor blood group system antigens and their phenotype
among voluntary blood donors in Ethiopian Blood and Tissue Bank Service, Addis Ababa. Ethiop J Health Sci.
2023;33(5):813-20. Available from: https://doi.org/10.4314/ejhs.v33i5.11

14. Meyer BM. The utility of an acid elution when a direct antiglobulin test is positive due to complement
alone. Immunohematology. 2025;41(2):54-60. https://doi.org/10.2478/immunohematology-2025-009

15. Natukunda B, Wagubi R, Taremwa |, Okongo B, Mbalibulha Y, Teramura G, et al. The utility of “home-
made” reagent red blood cells for antibody screening during pre-transfusion compatibility testing in Uganda.
Afr Health Sci. 2021;21(2):782-7. Available from: https://doi.org/10.4314/ahs.v21i2.38

16. Soni-Trinidad C, Vazquez-Garcia RE, Soni-Gallardo J, Rodriguez-Infante LI, Velasco-Cardenas DF, Sosa-
Gonzalez CK. Embarazo con betatalasemia menor y aloanticuerpo irregular de baja frecuencia: reporte de
caso. Ginecol Obstet Mex. 2022;90(1):90-5. Available from: https://doi.org/10.24245/gom.v90i1.5521

17. Aboderin FI, Oduola T, Davison GM, Oguntibeju 0O. Investigation of haematological, inflammatory

parameters and the incidence of alloimmunization in multi-transfused sickle cell diseased patients. Hematol
Transfus Cell Ther. 2025;47(3):103937. Available from: https://doi.org/10.1016/j.htct.2025.103937

https://doi.org/10.56294/saludcyt20262655 ISSN: 2796-9711


https://doi.org/10.7860/JCDR/2022/58527.17131
https://doi.org/10.4103/ajts.ajts_17_21
https://doi.org/10.4103/ajts.ajts_17_21
https://doi.org/10.4103/ajts.ajts_214_23
https://doi.org/10.1155/2024/9980747
https://doi.org/10.1155/2024/9980747
https://doi.org/10.2478/immunohematology-2023-022
https://doi.org/10.1182/hematology.2022000406
https://doi.org/10.1111/bjh.17697
https://doi.org/10.1016/j.transci.2020.102949
https://doi.org/10.4103/ajts.ajts_133_20
https://doi.org/10.4103/ajts.ajts_133_20
https://doi.org/10.4103/ajts.ajts_159_21
https://doi.org/10.4314/ejhs.v33i5.11
https://doi.org/10.2478/immunohematology-2025-009
https://doi.org/10.4314/ahs.v21i2.38
https://doi.org/10.24245/gom.v90i1.5521
https://doi.org/10.1016/j.htct.2025.103937

Salud, Ciencia y Tecnologia. 2026; 6:2655 10

18. Faisal IB, Abbas MS, Thabit ZA, Aljebouri DM, Almusawi YA. The prevalence of erythrocyte alloimmunization
in clinical practice: a hospital-based study. Iraqi J Hematol. 2024;13(2):213-22. Available from: https://doi.
org/10.4103/ijh.ijh_51_24

19. Sachan D, Tiwari A, Dara R, Jothimani D, Kaliamoorthy I, Reddy S, et al. Patient blood management in a
patient with multiple red cell antibodies (anti-C, anti-e, and anti-K) undergoing liver transplant in South India:
a team approach. Asian J Transfus Sci. 2020;14(1):74. Available from: https://doi.org/10.4103/ajts.AJTS_54_18

20. Conrath S, Vantilcke V, Parisot M, Maire F, Selles P, Elenga N. Increased prevalence of alloimmunization
in sickle cell disease: should we restore blood donation in French Guiana? Front Med. 2021;8:681549. Available
from: https://doi.org/10.3389/fmed.2021.681549

21. Yadav BK, Chaudhary RK, Elhence P, Phadke SR, Mandal K, Saxena D, et al. Red cell alloimmunization and
associated risk factors in multiply transfused thalassemia patients: a prospective cohort study. Asian J Transfus
Sci. 2023;17(2):145-50. Available from: https://doi.org/10.4103/ajts.ajts_2_23

22. Contelli HS, de Oliveira MC, Ido AAS, Francalanci EM, Terra PO da C, Filho ER, et al. Assessment of
erythrocyte alloimmunization among patients treated at a Brazilian university hospital. Hematol Transfus Cell
Ther. 2024;46(Suppl):5128-35. Available from: https://doi.org/10.1016/j.htct.2024.04.128

23. Wang YJ, Yang YQ, Li ZF, Li W, Hu HB, Zhao D. Erythrocyte alloimmunization and autoimmunization
in the pediatric population: a multicenter cross-sectional study in Central China. Transfus Med Hemother.
2024;51(6):402-13.

24. Calderon Moran WA, Guerrero Quiroz El. Identificacion de anticuerpos irregulares y su prevalencia
en pacientes transfundidos en el centro zonal de fraccionamiento de la provincia de El Oro, 2022-2023.
AlfaPublicaciones. 2024;6(4):41-58. Available from: https://doi.org/10.33262/ap.v6i4.545

25. Agrawal S, Chowdhry M, Gajullupalli S, Muthukumaravel. Autoantibodies mimicking alloantibodies: a
case series unveiling the dilemmas of transfusion. Asian J Transfus Sci. 2022;17(1):58. Available from: https://
doi.org/10.4103/ajts.ajts_161_20

26. Sanders DR. Comparison of solid-phase red cell adherence and microcolumn agglutination technology
using untreated and enzyme-treated red blood cells. Inmunohematology. 2023;39(4):166-71. Available from:
https://doi.org/10.2478/immunohematology-2023-024

27. Devi KM, Nepram L, Hajong R, Bhattacharyya D. Prevalence and specificity of red blood cell alloantibodies
in patients in a tertiary care center in Meghalaya, India. Cureus. 2025;17(6):e86347. Available from: https://
doi.org/10.7759/cureus.86347

28. Pereira Bueno ML, Mitestainer MB, Da Silva JAR, Benites BD, Roversi FM. Red-cell alloimmunization
profile in multi-transfused patients: findings and insights of a blood transfusion service. Transfus Clin Biol.
2021;28(3):258-63. Available from: https://doi.org/10.1016/j.tracli.2021.04.006

29. Dini¢ R, Bujandri¢ N, Grujic¢ J. Prevalence and specificity of red blood cell alloimmunization: insights
from transfusion-dependent populations in Serbia. Thalassemia Rep. 2025;15(2):5. Available from: https://doi.
org/10.3390/thalassrep15020005

30. Blomme S, De Maertelaere E, Verhoye E. A comparison of three column agglutination tests for red
blood cell alloantibody identification. BMC Res Notes. 2020;13(1):1-6. Available from: https://doi.org/10.1186/
$13104-020-04974-x

31. CupaioloR, Mahadeb B, Barreaul, ELKenz H. Solid-phase red cell adherence versus gel column agglutination:
differences in detection of alloantibodies associated with the JK system? Transfusion. 2025;65(3):615-23.
Available from: https://doi.org/10.1111/trf.18125

32. Felimban R, Sumeda S. Distribution of Kell antigens K, k, Kpa and Kpb among blood donors in Jeddah,

Western Saudi Arabia. Asian J Transfus Sci. 2021;15(1):75-81. Available from: https://doi.org/10.4103/ajts.
AJTS_109_19

https://doi.org/10.56294/saludcyt20262655 ISSN: 2796-9711


https://doi.org/10.4103/ijh.ijh_51_24
https://doi.org/10.4103/ijh.ijh_51_24
https://doi.org/10.4103/ajts.AJTS_54_18
https://doi.org/10.3389/fmed.2021.681549
https://doi.org/10.4103/ajts.ajts_2_23
https://doi.org/10.1016/j.htct.2024.04.128
https://doi.org/10.33262/ap.v6i4.545
https://doi.org/10.4103/ajts.ajts_161_20
https://doi.org/10.4103/ajts.ajts_161_20
https://doi.org/10.2478/immunohematology-2023-024
https://doi.org/10.7759/cureus.86347
https://doi.org/10.7759/cureus.86347
https://doi.org/10.1016/j.tracli.2021.04.006
https://doi.org/10.3390/thalassrep15020005
https://doi.org/10.3390/thalassrep15020005
https://doi.org/10.1186/s13104-020-04974-x
https://doi.org/10.1186/s13104-020-04974-x
https://doi.org/10.1111/trf.18125
https://doi.org/10.4103/ajts.AJTS_109_19
https://doi.org/10.4103/ajts.AJTS_109_19

11 Moreira Pilco LM, et al

FINANCING
The authors did not receive financing for the development of this research.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORSHIP CONTRIBUTION

Conceptualization: Lilian Mishell Moreira Pilco, Elena Johanna Pérez Laborde.

Data curation: Elena Johanna Pérez Laborde.

Formal analysis: Elena Johanna Pérez Laborde.
Research: Lilian Mishell Moreira Pilco.

Methodology: Elena Johanna Pérez Laborde.

Project management: Elena Johanna Pérez Laborde.
Resources: Elena Johanna Pérez Laborde.

Software: Lilian Mishell Moreira Pilco.

Supervision: Elena Johanna Pérez Laborde.

Validation: Elena Johanna Pérez Laborde.

Display: Elena Johanna Pérez Laborde.

Drafting - original draft: Elena Johanna Pérez Laborde.
Writing - proofreading and editing: Elena Johanna Pérez Laborde.

https://doi.org/10.56294/saludcyt20262655

ISSN: 2796-9711



	Marcador 1
	_GoBack

